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(54) Paper cup bottoms and methods and apparatus for forming same 



(57) A bottom for a paper cup is formed by advanc- 
ing a punch against a paperboard web to push the web 
against a cuffing edge which cuts out a circular cup bot- 
tom blank from the web. The punch is kept in a forward 
state to clamp an outer peripheral portion of the blank 
immovably against a surface of a sleeve. A reciprocable 
draw is advanced against a center portion of the blank 
to push the center portion into a circular opening of the 
sleeve while maintaining the clamping force, to cause 
the center portion of the blank to become stretched. The 
clamping force is then progressively released to permit 
the outer peripheral portion to enter the opening and 
become bent to form a lip extending at a substantially 
right angle. The lip is compressed within a gap formed 
between the draw and a surface of the opening. 
Because of the stretching of the blank, pleats formed in 
the lip are only in the form of micropleats that are flat- 
tened in a non-folded over state. 
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Description 

Background of the Invention 

[0001 ] The present invention relates to cups formed 
of paperboard and, in particular to methods and appara- 
tus for making a cup bottom that is to be attached to a 
sidewall of the cup. 

[0002] In the manufacture of paper cups, i.e. cups 
made of paperboard material which could optionally be 
coated with a foamed substance, it is conventional to 
form a cup bottom and then wrap a cup sidewall around 
the bottom and attach the sidewall to the bottom by an 
adhesive. 

[0003] A longitudinal sectional view through a con- 
ventional paper cup 10 is depicted in Fig. 1. As can be 
seen therein, the cup includes a bottom 12 and a side- 
wall 14 attached thereto. The bottom 12 comprises a 
disk-shaped base 1 6 and a cylindrical lip or skirt 1 8 pro- 
jecting from an outer periphery of the base 1 6. The side- 
wall 14 is wrapped around the circumference of the lip 
1 8, and an end 20 of the sidewall is folded over the free 
edge of the lip 1 8. The lip 1 8 thus becomes sandwiched 
between portions of the cup sidewall and is bonded 
thereto by an adhesive. 

[0004] Prior to being wrapped with the sidewall, the 
cup bottom is formed by passing a paper web across a 
cutter which cuts out a circular blank. Then a draw 
pushes the blank through an opening having a smaller 
diameter than the blank. Hence, an outer periphery of 
the blank is bent over to form the lip, the lip being 
squashed as it travels through a gap between the draw 
and a surface of the opening. A conventional apparatus 
for the manufacture of the cup bottoms is disclosed in 
Budziszewski U.S. Patent No. 5,624,367, the disclosure 
of which is incorporated by reference herein. 
[0005] It will be appreciated that the lip-forming 
outer periphery of the blank has a first circumference 
before the bending, and a smaller circumference after 
the bending. That means that there is extra paper mate- 
rial after bending, and that extra paper material pro- 
duces pleats 21, 22 which project from the surface of 
the lip (see Fig. 2). The pleats extend axially (i.e., in a 
vertical direction when the cup sits upright). Some of the 
pleats 21 project by a small distance from the lip surface 
(i.e. they have a very a short height) and do not present 
problems, because they will become flattened when the 
lip is compressed in the gap, as shown in Fig. 2. Other 
pleats 22, however, are tall enough to become folded 
over when the lip is compressed in the gap. Such 
folded-over pleats can produce leakage paths between 
the lip and the cup sidewall which permit liquid to leak 
from the cup. 

[0006] The apparatus disclosed in U.S. Patent 
5,624,367 attempted to deal with that problem by pro- 
ducing radial score lines in the outer periphery of the 
blank prior to the bending. The score lines constitute 
pre-weakened regions of the blank. It was anticipated 



that the pleats would be formed in a controlled manner 
along the score lines, and that the problem of folded- 
over pleats would be eliminated. That proposal has not 
met with complete success, because folded-over pleats 
5 are still formed in the cup bottom. 

[0007] It is, therefore, an object of the present 
invention to produce cup bottoms having only pleats 
which are not tall enough to become folded-over when 
the bottom lip is compressed. 

10 

Summary of the Invention 

[0008] The present invention relates to a method of 
forming a bottom for a paper cup. The method com- 
15 prises the steps of: 

A. applying a clamping force to an outer peripheral 
portion of a circular paperboard blank; 

B. pushing a center portion of the blank into a circu- 
20 lar opening of smaller diameter than the blank while 

maintaining the clamping force to prevent move- 
ment of the outer peripheral portion, whereby the 
blank becomes stretched; and 

C. progressively releasing the clamping force fol- 
25 lowing the stretching of step B, to permit the outer 

peripheral portion to enter the opening and become 
bent at a substantially right angle relative to the 
center portion. 

30 [0009] The invention also pertains to a method of 
making a paper cup, wherein a bottom is formed as 
described above, and wherein a paperboard cup-side- 
wall blank is wrapped around an end edge of the lip and 
secured thereto. 

35 [0010] The invention also pertains to a cup bottom 
comprising a one-piece paperboard element including a 
circular center portion and a bent-over generally cylin- 
drical lip portion projecting from an outer periphery of 
the center portion at a substantially right angle. The lip 

40 portion includes pleats extending parallel to a longitudi- 
nal axis of the lip portion. All of the pleats are in the form 
of micropleats that are flattened in a non-folded over 
state. 

[001 1] The invention further pertains to a cup which 
45 comprises a bottom as described above, and further 
including a cup sidewall which is wrapped around an 
end edge of the lip portion and secured to the lip por- 
tion. 



[0012] The objects and advantages of the invention 
will become apparent from the following detailed 
description of a preferred embodiment thereof in con- 
55 nection with the accompanying drawing in which like 
numerals designate like elements and in which: 

Fig. 1 is a fragmentary longitudinal sectional view 
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taken through a lower portion of a prior art paper 
cup; 

Fig. 2 is a fragmentary end view of a prior art paper 
bottom for use in making a paper cup; 
Fig. 3 is a longitudinal sectional view taken through 
a conventional machine for making the cup bottom 
depicted in Fig. 2, with the machine having a punch 
thereof poised to sever a blank from a paper web; 
Fig. 4 is a view of the conventional machine similar 
to Fig. 3 after the punch has formed the blank, and 
a draw of the machine is pushing the blank through 
an opening; 

Fig. 5 is a fragmentary perspective view of a sur- 
face of the conventional machine against which the 
blank is pushed after being punched out by the 
punch; 

Fig. 6 is a view similar to Fig. 4 depicting a machine 
modified in accordance with the present invention 
and in the process of stretching a blank that has 
been punched from the web; and 
Fig. 7 is a view similar to Fig. 2 of a bottom formed 
in accordance with the present invention. 

Detailed Description of a Preferred Embodiment of the 
Invention 

[0013] A machine which can be adapted for making 
a cup bottom according to the present invention is dis- 
closed in U.S. Patent No. 5,624,367, the disclosure of 
which is incorporated herein by reference. As will be 
explained, that mechanism is modified by removing pro- 
jections from an abutment surface of a sleeve member, 
arranging a cam to provide a desired motion of the draw 
punch, and repositioning a blanking punch head. 
[0014] Briefly, with reference to Figs. 3 and 4, a cup 
bottom making mechanism 70 is disclosed which 
includes a framework 78 on which is mounted a recipr- 
ocable punch 80 and a reciprocable draw 82. The punch 
80 and draw 82 interact with a sleeve member 84 having 
a flat abutment surface 86 and an opening 88 formed by 
an inner cylindrical surface. Abutment surface 86 is dis- 
posed to cooperate with the punch 80 and is generally 
transverse to the opening 88 which is oriented to allow 
movement of reciprocable draw 82 therethrough. A 
reciprocation assembly 92 is connected to punch 80 
and draw 82 to selectively slide them into and out of 
cooperation with sleeve member 84. The reciprocable 
punch 80 includes a punch head 96 and a tail section 94 
slidably mounted in framework 78 on a pair of slides 95. 
The inside of the annular punch head 96 is defined by a 
cylindrical surface 100 along which reciprocable draw 
82 may move. Preferably, tail section 94 also includes 
an open or hollow interior 102 to permit draw 82 to 
reciprocate generally through the center of punch 80. 
[0015] Draw 82 includes a draw head 104 which is 
configured to move along inner cylindrical surface 100 
of punch head 96 and the inner cylindrical surface of 
opening 88. Draw head 104 is connected to draw rod 



1 06 that is slidably mounted within hollow interior 1 02 of 
punch 80, preferably on a pair of slides 1 08. 
[0016] Reciprocation assembly 92 is connected to 
punch 80 and draw 82 to move the punch into coopera- 

5 tion with the abutment surface 86. Assembly 92 also 
moves draw 82 through sleeve member 84 and into 
cooperation with a mandrel 28. The reciprocation 
assembly includes a draw subassembly 110 and a 
punch subassembly 112. The entire reciprocation 

10 assembly 92 is powered by an input shaft 114 rotatably 
mounted in framework 78 by bearing 116. Input shaft 
114 may be driven by any conventional mechanisms 
known to those of ordinary skill in the art. 
[001 7] Draw subassembly 1 1 0 preferably includes a 

15 pair of cams 1 1 8 mounted to input shaft 1 14. Each cam 
1 18 includes a cam surface 120 that acts against a cor- 
responding cam follower 122. Cam followers 122 are 
attached to a midsection of draw rod 1 06 by a fastener 
124, such as a bolt and nut wherein the bolt extends 

20 through a bore 125 formed through draw rod 106. The 
cam followers 122 are preferably disposed on opposite 
sides of the pair of cams 1 1 8 and each cam surface 1 20 
has generally the same profile so draw 82 is recipro- 
cated towards and away from the adjacent mandrel 28 

25 as input shaft 1 14 is rotated. 

[0018] Punch subassembly 112 includes an arm 
126 having a circular opening 128 mounted over input 
shaft 114. An eccentric 130 is attached to input shaft 
114 and rotates within circular opening 128, preferably 

30 within a bearing such as ball bearing 132 (see Fig. 14). 
Thus, as input shaft 114 rotates, eccentric 130 forces 
arm 126 to reciprocate. Arm 126 is also attached to a 
back plate 134 of punch 80 to further reciprocate punch 
80 as input shaft 1 14 rotates. 

35 [0019] In operation, a paperboard web 72 is fed 
between a pair of rollers 156 so that the web 72 enters 
a front portion of framework 78 through a guide member 
1 58 and a slot 1 60 disposed through framework 78. The 
orientation of slot 160 directs web 72 to a cutting posi- 

40 tion in which sleeve member 84 is disposed on the man- 
drel side of web 72, while punch head 96 and draw head 
104 are disposed on the opposite side of web 72 from 
sleeve member 84. Web 72 preferably rests against a 
cutter, such as cutter ring 162, at a slight distance from 

45 abutment surface 86 and protrusions 90. 

[0020] Thus, when punch 80 is moved towards 
sleeve member 84 by the reciprocation assembly 92, 
punch surface 98 forces web 72 against cutter ring 162 
and cuts free a circular bottom blank B. Reciprocation 

50 assembly 92 continues to move punch 80 forward until 
the bottom blank is clamped against the abutment sur- 
face 86. 

[0021 ] Depicted in Figs. 4 and 5 are views from U.S. 
Patent 5,624,367 showing that the abutment surface 86 
55 is provided with projections 90 for the purpose of creat- 
ing score lines in the outer peripheral portion of the 
blank. Those score lines are intended to constitute pre- 
weakened regions of the blank to control the number, 
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location, and hopefully the size of pleats that are formed 
in the blank when the blank is pushed through the open- 
ing 88 while the punch 80 is being retracted (see Fig. 4). 
The patent is not specific as to the exact timing 
sequence governing the rearward (leftward) retraction 5 
of the punch 80 and the forward (rightward) advance- 
ment of the draw 82. Moreover, in a machine made by 
the assignee of U.S. Patent 5,624,367, the punch 80 is 
completely withdrawn before the blank enters the open- 
ing 88. 10 
[0022] The present invention operates under a dif- 
ferent principle. That is, rather than scoring the blank to 
form pm-weakened regions, the present invention 
avoids scoring and allows the blank itself to establish 
internal stress lines by causing the blank to be radially 15 
stretched prior to the outer periphery being bent over. 
[0023] Depicted in Fig. 6 is a cup bottom making 
mechanism 70A according to the present invention 
which includes a framework 78A on which is mounted a 
reciprocable punch 80A and a reciprocable draw 82A. 20 
The punch 80A and draw 82A interact with a sleeve 
member 84A having a flat abutment surface 86A and an 
opening 88A formed by an inner cylindrical surface. The 
flat abutment surface 86A is disposed to cooperate with 
the punch 80A and is generally transverse to the open- 25 
ing 88A which is oriented to allow movement of recipro- 
cable draw 82A therethrough. A reciprocation assembly 
generally similar to the assembly 92 previously 
described is connected to punch 80A and draw 82A to 
selectively slide them into and out of cooperation with 30 
sleeve member 84A. The reciprocable punch 80A 
includes a punch head 96A slidably mounted in frame- 
work 78A on a pair of slides 95A. The inside of the 
annular punch head 96A is defined by a cylindrical sur- 
face 100A along which reciprocable draw 82A may 35 
move. 

[0024] Draw 82A includes a draw head 104A which 
is configured to move along inner cylindrical surface 
100A of punch head 96A and the inner cylindrical sur- 
face of opening 88A. The axial position of draw head 40 
1 04A is adjustable by means of a bolt 1 07A and a shim 
109A. 

[0025] The reciprocation assembly is connected to 
punch 80A and draw 82A to move the punch into coop- 
eration with the abutment surface 86A, and to move 45 
draw 82A through sleeve member 84A and into cooper- 
ation with a mandrel 28. 

[0026] In operation, a paperboard web 72 is fed 
between a pair of rollers 156 so that the web 72 enters 
a front portion of framework 78A through a guide mem- 50 
ber 158A and a slot 160A disposed through framework 
78A. The orientation of slot 160A directs web 72 to a 
cutting position in which sleeve member 84A is dis- 
posed on the mandrel side of web 72, while punch head 
96A and draw head 1 04A are disposed on the opposite 55 
side of web 72 from sleeve member 84A. Web 72 pref- 
erably rests against a cutter, such as cutter ring 1 62A, at 
a slight distance from abutment surface 86A. 
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[0027] Thus, when punch 80A is moved towards 
sleeve member 84A by the reciprocation assembly, 
punch surface 98A forces web 72 against cutter ring 
162A and cuts free a circular bottom blank B. Recipro- 
cation assembly continues to move punch 80A forward 
until the bottom blank is clamped against the abutment 
surface 86 A. 

[0028] Unlike the apparatus described in U.S. Pat- 
ent 5,624,367, the abutment surface 86A is not provided 
with projections for the purpose of creating score lines 
in the outer peripheral portion of the blank. Further- 
more, the angular position of the cams 118 relative to 
that of the eccentric 130 of the prior art machine is 
changed so that the draw 82A begins to push the cen- 
tral portion of the blank into the opening 88A while the 
outer peripheral portion of the blank remains firmly 
(immovably) clamped between the punch 80A and the 
abutment surface, as shown in Fig. 6. That causes the 
non-clamped central portion of the blank to be radially 
stretched. Then, after a slight amount of stretching has 
occurred, the punch 80A begins to be retracted to pro- 
gressively reduce the clamping force, allowing the outer 
peripheral portion to be pulled into the opening 88A. 
The retraction is performed at a rate just sufficient to 
prevent the paper from ripping. The radial gap between 
the outer cylindrical surface of the draw 82A and the 
cylindrical surface of the opening 88A is slightly less 
than the thickness of the blank passing through the gap 
so that the paper becomes compressed. Thus, the outer 
peripheral portion is bent to a right angle relative to the 
center part of the blank, and is also compressed. 
[0029] It has been found that the stretching of the 
blank as the blank is pushed into the opening results in 
the forming of a blank 1 2A having many pleats formed in 
the lip 18A thereof as the lip is being bent over in the 
opening 88A. The number of pleats is great enough to 
take-up the surplus paper material caused by the bend- 
ing-over of the lip. Importantly, only micropleats are 
formed, i.e. pleats that are not tall enough to be folded 
over (i.e. folded over in the manner shown at 22 in Fig. 
2) while the lip 18A is being compressed in the radial 
gap between the draw 82A and the surface of the open- 
ing 88A. Instead, all of the pleats are effectively 
squashed, resulting in relatively smooth cylindrical sur- 
faces on the lip 18A as shown in Fig. 7. Consequently, 
when a sidewall blank is wound around the lip to form 
the cup sidewall 14, no folded-over pleats are present 
which could produce leak-inducing passages. 
[0030] If desired, the paperboard web 72 could be 
pre-moistened in order to facilitate the stretching. 
[0031] Although the present invention has been 
described in connection with a preferred embodiment 
thereof, it will be appreciated by those skilled in the art 
that additions, deletions, modifications, and substitu- 
tions not specifically described may be made without 
departing from the spirit and scope of the invention as 
defined in the appended claims. 
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Claims 

1 . A method of forming a bottom for a paper cup com- 
prising the steps of: 

5 

A) applying a clamping force to an outer periph- 
eral portion of a circular paperboard blank; 

B) pushing a center portion of the blank into a 
circular opening of smaller diameter than the 10 
blank while maintaining the clamping force to 
prevent movement of the outer peripheral por- 
tion, whereby the blank becomes stretched; 
and 

15 

C) progressively releasing the clamping force 
following the stretching of step B, to permit the 
outer peripheral portion to enter the opening 
and become bent to form a lip extending at a 
substantially right angle relative to the center 20 
portion. 



2. The method according to claim 1 wherein step B is 
performed by advancing a reciprocable draw into 

the opening, step C further comprising compress- 25 
ing the lip between an outer surface of the draw and 
a surface of the opening. 

3. The method according to claim 1, further compris- 
ing, prior to step A the steps of positioning a paper- 30 
board web between a circular cutting edge and a 
reciprocable punch, and advancing the punch for- 
wardly against the web to push the web against the 
cutting edge and thereby cut-out the blank from the 
web. 35 

4. The method according to claim 3, wherein step A 
comprises keeping the punch in a forward position 
pressing an outer peripheral portion of the blank 
against a surface of a fixed sleeve member in which 40 
the opening is formed, to apply the clamping force, 
step C comprising gradually moving the punch rear- 
wardly away from the sleeve. 

5. A method of making a paper cup, comprising the 45 
steps of: 



against the outer peripheral portion. 

D) advancing a reciprocable draw against a 
center portion of the blank to push the center 
portion into a circular opening of the sleeve 
while maintaining the clamping force to prevent 
movement of the outer peripheral portion, 
whereby the blank becomes stretched; 

E) progressively releasing the clamping force 
following the stretching of step D to permit the 
outer peripheral portion to enter the opening 
and become bent at a substantially right angle 
relative to the center portion within a gap 
formed between an outer surface of the draw 
and a surface of the opening, to form a cylindri- 
cal lip; and 

F) wrapping a paperboard cup-sidewall blank 
around an end edge of the lip, and securing the 
cup-sidewall blank to the lip. 

6. The method according to claim 5 wherein the gap is 
narrower than a thickness of the blank whereby the 
lip becomes compressed during step E. 

7. A method of forming a bottom for a paper cup com- 
prising the steps of: 

A) applying a clamping force to an outer periph- 
eral portion of a circular paperboard blank; and 

B) pushing a center portion of the blank into a 
circular opening of smaller diameter than the 
blank while maintaining the clamping force to 
prevent movement of the outer peripheral por- 
tion, whereby the blank becomes stretched and 
forms pleats, all of the pleats being micropleats 
that are compressed without being folded-over 
while passing through the opening. 

8. A cup bottom comprising a one-piece paperboard 
element including a circular center portion and a 
bent-over cylindrical lip portion projecting from an 
outer periphery of the center portion at a substan- 
tially right angle, the lip portion including pleats 
extending parallel to a longitudinal axis of the lip 
portion, all of the pleats being in the form of micro- 
pleats that are flattened in a non-folded-over state. 

9. A cup comprising a paperboard cup bottom and a 
paperboard cup sidewall attached thereto, the cup 
bottom comprising a one-piece paperboard ele- 
ment including a circular center portion and a bent- 
over cylindrical lip portion projecting from an outer- 
periphery of the center portion at a substantially 
right angle, the lip portion including pleats extend- 
ing parallel to a longitudinal axis of the lip portion, 



A) positioning a paperboard web between a cir- 
cular cutting edge and a reciprocable punch; 

B) advancing the punch forwardly against the 
web to push the web against the cuffing edge 
and thereby cut-out a circular cup-bottom blank 
from the web; 

C) keeping the punch in a forward state to 
press an outer peripheral portion of the blank 
against a sleeve to apply a clamping force 



30 



35 



5 



9 



EP 1 029 656 A2 



all of the pleats being in the form of micropleats that 
are flattened in a no n -folded-over state, the cup 
sidewall being wrapped around a circumference of 
the lip portion and folded over an end edge of the lip 
portion and secured to the lip portion. 
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FIG.4 

(PRIOR ART) 
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(54) Paper cup bottoms and methods and apparatus for forming same 



(57) A bottom for a paper cup is formed by advanc- 
ing a punch (80A) against a paperboard web (72) to 
push the web against a cutting edge (162A) which cuts 
out a circular cup bottom blank (B) from the web (72). 
The punch is kept in a forward state to clamp an outer 
peripheral portion of the blank immovably against a sur- 
face of a sleeve. A reciprocable draw (104A) is 
advanced against a center portion of the blank to push 
the center portion into a circular opening of the sleeve 
while maintaining the clamping force, to cause the 
center portion of the blank to become stretched. The 
clamping force is then progressively released to permit 
the outer peripheral portion to enter the opening and 
become bent to form a lip extending at a substantially 
right angle. The lip is compressed within a gap formed 
between the draw and a surface (88A) of the opening. 
Because of the stretching of the blank, pleats formed in 
the lip are only in the form of micropleats that are flat- 
tened in a non-folded over state. 



FIG. 6 
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